INTRACELLULAR DELIVERY OF SMALL MOLECULES, PROTEINS, AND 

NUCLEIC ACIDS 

[01] This application claims the benefit of U.S. provisional application Serial No. 
60/451,243 filed March 4, 2003, which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[02] The invention relates to the field of peptides that facilitate transport of a cargo moiety 
across cellular membranes, "intracellular delivery." In particular, it is related to peptides that 
function as a protein transduction domain for intracellular delivery of small molecules, 
proteins, and nucleic acids. 

BACKGROUND OF THE INVENTION 

[03] A cell membrane presents a formidable barrier between a cell cytoplasm and its 
external environment. Cells are generally impermeable to small molecules, proteins, and 
nucleic acids. Some small molecules can diffuse across the cell membrane, but the rate of 
diffusion often is too slow to be useful. 

[04] Reagents and methods exist to deliver small molecules, proteins, and nucleic acids to 
an intracellular compartment of a cell. Examples of such reagents and methods include 
lipids, calcium phosphate, DEAE dextran, electroporation, gene gun particle bombardment, 
recombinant viral infection, and direct microinjection. Most current reagents and methods 
are either toxic to cells or result in only a few cells receiving the small molecule, protein, or 
nucleic acid. In addition, current reagents and methods are not practical for in vivo delivery 
of small molecules, proteins, or nucleic acids to cells. 

[05] Some peptides have an ability to cross the cell membrane and enter a cell. These 
peptides, termed "protein transduction domains" (PTDs), can be linked to a cargo moiety and 
can transport the cargo moiety across the cell membrane and into the cell. Such transport is 
termed "peptide transport" because the peptides transport cargo moieties across the cell 
membrane and into the cell. Cargo moieties can be small molecules, proteins, or nucleic 
acids. 
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[06] Peptide transport provides an alternative for delivery of small molecules, proteins, or 
nucleic acids across the cell membrane to an intracellular compartment of a cell. One well 
characterized protein transduction domain (PTD) is a tat-derived peptide. Frankel et al (US. 
5,804,604, U.S. 5,747,641, U.S. 5,674,980, U.S. 5,670,617, and U.S. 5,652,122) 
demonstrated transport of a cargo protein (p-galactosidase or horseradish peroxidase) into a 
cell by conjugating a peptide containing amino acids 49-57 of tat to the cargo protein. 

[07] Penetratin can transport hydrophilic macromolecules across the cell membrane 
(Derossi et al, Trends Cell Biol., 8:84-87 (1998)). Penetratin is a 16 amino acid peptide 
which corresponds to amino acids 43-58 of the homeodomain of Antennapedia, a Drosophila 
transcription factor which is internalized by cells in culture. However, penetratin-mediated 
peptide transport of nucleic acids longer than 55 bases and proteins longer than 100 amino 
acids is inefficient. 

[08] VP22, a tegument protein from Herpes simplex virus type 1 (HSV-1), has the ability 
to transport proteins and nucleic acids across a cell membrane (Elliot et al, Cell 88:223-233, 
1997). Residues 267-300 of VP22 are necessary but may not be sufficient for transport. 
Because the region responsible for transport function has not been identified, the entire VP22 
protein is commonly used to transport cargo proteins and nucleic acids across the cell 
membrane (Schwarze et al, Trends Pharmacol Sci, 21:45-48, 2000). 

[09] There is a continuing need in the art for peptides that can efficiently transport cargo 
moieties across a cell membrane and into an intracellular compartment of a cell. 

BRIEF SUMMARY OF THE INVENTION 

[10] One embodiment of the invention provides an isolated and purified polypeptide with a 
protein transduction domain (PTD). The PTD comprises Arg-Lys-Met-Leu-Lys-Ser-Thr- 
Arg-Arg-Gln-Arg-Arg (SEQ ID NO:l). 

[11] Another embodiment of the invention provides an isolated and purified 
polynucleotide encoding Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID 
NO:l). 
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[12] Yet another embodiment of the invention provides a vector. The vector comprises a 
polynucleotide encoding Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID 
NO:l). 

[13] Still yet another embodiment of the invention provides a host cell. The host cell 
comprises a vector. The vector comprises a polynucleotide encoding Arg-Lys-Met-Leu-Lys- 
Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID NO:l). 

[14] Another embodiment of the invention provides a complex comprising a polypeptide 
with a PTD linked to a cargo moiety. The PTD comprises Arg-Lys-Met-Leu-Lys-Ser-Thr- 
Arg-Arg-Gln-Arg-Arg (SEQ IDNO:l). 

[15] Still another embodiment of the invention provides a polynucleotide encoding a 
fusion protein. The fusion protein comprises Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln- 
Arg-Arg (SEQ ID NO: 1) linked to a polypeptide cargo moiety. 

[16] Yet another embodiment of the invention provides a vector. The vector comprises a 
polynucleotide encoding a fusion protein. The fusion protein comprises Arg-Lys-Met-Leu- 
Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID NO: 1) linked to a polypeptide cargo moiety. 

[17] Still yet another embodiment of the invention provides a host cell. The host cell 
comprises a vector. The vector comprises a polynucleotide encoding a fusion protein. The 
fusion protein comprises Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID 
NO:l) linked to a polypeptide cargo moiety. 

[18] Another embodiment of the invention provides a method of delivering a cargo moiety 
to an intracellular compartment of a cultured cell. A cell is contacted in vitro with a complex. 
The complex comprises a polypeptide with a PTD linked to a cargo moiety. The PTD 
comprises Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID NO:l). The cargo 
moiety is thereby delivered to an intracellular compartment of the cell. 

[19] Still another embodiment of the invention provides a method of reversibly 
immortalizing a cell in culture. A cell is contacted in vitro with a complex. The complex 
comprises a polypeptide with a PTD linked to a cargo moiety. The PTD comprises Arg-Lys- 
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Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID N0:1). The cargo moiety is an 
immortalization protein. The cell is thereby reversibly immortalized. 

[20] Yet another embodiment of the invention provides a reversibly immortalized cell. 
The cell is reversibly immortalized by a method in which the cell is contacted in vitro with a 
complex. The complex comprises a polypeptide with a PTD linked to a cargo moiety. The 
PTD comprises Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID NO:l). The 
cargo moiety is an immortalization protein. The cell is thereby reversibly immortalized. 

[21] Still another embodiment of the invention provides a method of increasing viability of 
a cell in culture. A cell is contacted in vitro with a complex. The complex comprises a 
polypeptide with a PTD linked to a cargo moiety. The cargo moiety is an antiapoptotic 
protein. 

[22] The invention thus provides the art with reagents and methods for delivering cargo 
moieties to an intracellular compartment of a cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[23] Figure 1 shows the effect of different PTDs and biotin location on PTD-mediated 
transport of p-galactosidase. 

[24] Figure 2 shows the effect of exposure of PTD complexes to cells on transport of P- 
galactosidase across a cell membrane. 

[25] Figure 3 shows the effect of extended exposure of PTD complexes to cells on 
transport of P-galactosidase across a cell membrane. 

[26] Figure 4 shows the effects of temperature on PTD-mediated transport of P- 
galactosidase. 

[27] Figure 5 shows the effects of chirality on PTD-meditated transport of P-galactosidase. 
[28] Figure 6 shows the effects of an amino terminal lysine residue on PTD transport. 



[29] Figure 7 shows a comparison of transduction activities of direct and inverted isomers 
ofPTDs. 

[30] Figure 8A shows human dermal fibroblasts transduced with a PTD-cargo moiety 
complex comprising the polypeptide sequence shown in SEQ ID NO: 8 and streptavidin- 
linked p-galactosidase. 

[31] Figure 8B shows human dermal fibroblasts transduced with a PTD-cargo moiety 
complex comprising the polypeptide sequence shown in SEQ ID NO:7 and streptavidin- 
linked P-galactosidase. 

[32] Figure 9A shows NIH 3T3 cells transduced with a PTD-cargo moiety complex 
comprising the polypeptide sequence shown in SEQ ID NO: 14 and streptavidin-linked P- 
galactosidase and stained for streptavidin using an anti-streptavidin antibody. The cells were 
visualized with fluorescent microscopy. 

[33] Figure 9B shows the NIH 3T3 cells from Figure 9A visualized with phase contrast 
microscopy. 

[34] Figure 10 shows the effect of extended exposure of PTD complexes to cells on 
transport of alkaline phosphatase. 

[35] Figure 11 A shows the effect of PTD concentration on cell viability in cell culture. 
The relative number of viable cells was determined using Alamar Blue staining. 

[36] Figure 11B shows the effect of PTD concentration on cell viability in cell culture. 
The relative number of viable cells was determined using Alamar Blue staining. 

[37] Figure 12 shows the effects of a nuclear localization signal on PTD transport. 

[38] Figure 13 shows the effects of multiple nuclear localization signals on PTD transport 
and the position effects of the nuclear localization signal around an N-terminal lysine linker. 
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DETAILED DESCRIPTION OF THE INVENTION 



Protein transduction domains 

[39] Polypeptides with a protein transduction domain (PTD) having an amino acid 
sequence Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID NO:l) have the 
unexpected property of being able to cross a cell membrane and transport a cargo moiety to 
an intracellular compartment of a cell. SEQ ID NO:l is a reverse isomer of Arg-Arg-Gln- 
Arg-Arg-Thr-Ser-Lys-Met-Lys-Arg (SEQ ID NO:25), which was identified as an 
"internalizing peptide" in WO 01/1551 1. 

[40] Wender et al (Proa Natl. Acad. Sci USA, 97:13003-13008, 2000) reported that a 
reverse isomer of a tat-derived peptide (SEQ ID NO:23) (reverse tat) could cross the plasma 
membrane with an efficiency about three times that of a tat-derived peptide (SEQ ID NO:24) 
(tat). Wender et al. concluded that transport was not a function of chirality. The reason for 
the increase in transport efficiency with reverse tat (SEQ ID NO:23), however, was attributed 
to the arginine content at the amino terminus of the reverse tat peptide (SEQ ID NO:23). The 
first three amino acids in reverse tat (SEQ ID NO:23) are arginine, whereas tat (SEQ ID 
NO:24) contains only one arginine within the first three amino acids. In tat (SEQ ID NO:24), 
arginine content is highest at the carboxy terminus. The arginine content in SEQ ID NO:l is 
highest within the carboxy terminus. Thus, the ability of the peptide of SEQ ID NO:l to 
function as a PTD more efficiently than either tat (SEQ ID NO:24) or the WO 01/15511 
peptide (SEQ ID NO:25) is unexpected. 

Production ofPTDs 

[41] PTDs of the present invention can be made by any method known in the art for 
synthesizing peptides. For example, PTDs can be synthesized chemically or can be made 
recombinantly. 

Chemical synthesis 

[42] PTDs can be synthesized in solid or solution phase, for example, using Fmoc or tBOC 
chemistries (Merrifield, Am. Chem. Soc. 85, 2149-2154, 1963; Roberge et al, Science 269, 



202-204, 1995). Peptide synthesis can be performed using manual techniques or by 
automation. Automated synthesis can be achieved, for example, using an Applied 
Biosystems 431 A Peptide Synthesizer (Perkin Elmer). 

Recombinant expression 

[43] Peptides can be made recombinantly by cloning a coding sequence for the peptide and 
expressing it in vitro. Any polynucleotide sequence that encodes a PTD can be used. The 
polynucleotide sequence can be synthesized in vitro using, e.g., phosphoroamidite chemistry. 
Nucleic acid synthesis can be performed using manual techniques or by automation. 
Automated synthesis can be achieved, for example, using an Applied Biosystems 3900 DNA 
Synthesizer (Perkin Elmer). 

[44] A PTD-encoding polynucleotide can be inserted into an expression vector which 
contains the necessary elements for the transcription and translation of the inserted coding 
sequence. Transcription and translation control elements include, for example, a promoter 
(e.g., T7 or T3), ribosome binding site, start codon, stop codon, and polyadenylation site. 
Methods which are well known to those skilled in the art can be used to construct expression 
vectors containing sequences encoding PTD-containing polypeptides and appropriate 
transcriptional and translational control elements. These methods include in vitro 
recombinant DNA techniques, synthetic techniques, and in vivo genetic recombination. Such 
techniques are described, for example, in Sambrook et al 9 1989, Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor, New York), and in Ausubel et al. 9 Current 
Protocols in Molecular Biology, John Wiley & Sons, New York, N.Y., 1989. 

Expression in host cells 

[45] A variety of expression systems are available for expressing sequences that encode a 
PTD. Examples of such systems include, but are not limited to, bacteria, yeast, insect, plant, 
and animal cell systems. Bacteria can be transformed with recombinant bacteriophage, 
expression plasmids, or cosmid expression vectors. Yeast can be transformed with yeast 
expression vectors. Insect cells can be transfected with expression vectors or transduced with 
recombinant insect viruses (e.g., baculovirus). Plant cells can be transduced with 
recombinant plant viruses (e.g., cauliflower mosaic virus or tobacco mosaic virus). Animal 
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cells can be transfected with expression vectors (e.g., pcDNA3 or pCMV-Sport) or 
transduced with recombinant viruses (e.g., retroviruses, adenoviruses, or semliki forest virus). 
Methods for transforming, transfecting, or transducing host cells are well-known in the art, 
and any appropriate method can be used. 

[46] A PTD can be purified from host cells or host cell culture medium by any method 
known in the art for purifying polypeptides. Examples of such methods include salt 
fractionation, high pressure liquid chromatography, antibody column chromatography, 
affinity tag column chromatography, and acrylamide gel electrophoresis. Such methods are 
well known to those skilled in the art. 

Cell-free expression 

[47] A PTD can also be made by transcribing and translating a PTD coding sequence in a 
cell-free expression system. A coding sequence for a PTD can be linked to appropriate 
transcription and translation control elements by methods well known in the art. Examples of 
such methods include PCR, restriction enzyme digestion and ligation, and chemical synthesis. 
Such techniques are described, for example, in Sambrook et al. (1989) and Ausubel et al. 
(1989). Cell-free transcription and translation can be accomplished, for example, using 
components of rabbit reticulocyte or wheat germ extracts, which are available in kits from 
commercial suppliers such as Promega Corporation. 

Antibodies to PTDs 

[48] Antibodies to a PTD can be obtained, for example, by following the methods of 
Harlow et al, Using Antibodies: A Laboratory Manual, New York: Cold Spring Harbor 
Laboratory Press, 1998. The antibody can be monoclonal or polyclonal. The term 
"antibody 5 ' means an intact immunoglobulin or a fragment thereof. Examples of fragments 
include Fab, F(ab')2, and Fv. An antibody column for purification of a PTD by antibody 
column chromatography can be made and used using well known techniques and reagents in 
the art. For example, an IgG Orientation Kit from Pierce can be used. 
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Amino acids and amino acid substitutions 

[49] PTDs of the invention can contain conservative substitutions, i.e., exchange of one 
amino acid for another having similar properties. Examples of conservative substitutions 
include, but are not limited to, 1) glycine and alanine; 2) valine, isoleucine, and leucine; 3) 
aspartic acid and glutamic acid; 4) lysine and arginine; 5) asparagine and glutamine; and 6) 
serine and threonine. 

[50] A PTD can be synthesized from D- or L-amino acids. In addition, use of amino acid 
analogs is also contemplated. Examples of amino acid analogs includes, but is not limited to, 
ethyl esters, methyl esters, naphthylamides, and 7-amido-4-methyl coumarin. 

Linker for PTDs 

[51] PTDs of the present invention can also have a linker attached to the N-terminus or the 
C-terminus. The linker is usually 0, 1, 2, 3, 4, or 5 amino acids in length and is usually a 
small neutral polar or non-polar amino acid such as glycine, cysteine, serine, or threonine. A 
preferred linker has an amino acid sequence Lys-Xaa-Xaa, wherein Xaa is a small neutral 
polar or nonpolar amino acid. Preferably Xaa is glycine. A preferred PTD with a lysine 
linker has an amino acid sequence Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg- 
Gln-Arg-Arg (SEQ ID NO:2). 

Nuclear localization signal 

[52] PTDs of the present invention also can comprise one or more nuclear localization 
signals. A preferred nuclear localization signal has an amino acid sequence Lys-Lys-Lys- 
Arg-Lys-Val (SEQ ID NO:3). The nuclear localization signal can be located on the amino 
terminus or the carboxy terminus of a PTD. A PTD comprising a nuclear localization signal 
can further comprise a lysine linker. The nuclear localization signal can be located upstream 
or down-stream of the lysine linker. Preferably, a PTD comprises a lysine linker and a 
nuclear localization signal located on the carboxy terminus of the peptide. A preferred PTD 
with a lysine linker and a nuclear localization signal has an amino acid sequence Lys-Gly- 
Gly-Arg-Lys-Met-I^u-Lys-Ser-Thr-Arg^^ (SEQ 
ID NO:4). Another preferred PTD with a lysine linker contains two nuclear localization 
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signals. One nuclear localization signal is preferably located on the amino terminus down- 
stream of the lysine linker, and the second nuclear localization signal is preferably located on 
the carboxy terminus. A preferred PTD with a lysine linker and two nuclear localization 
signals has an amino acid sequence Lys-Gly-Gly-Lys-Lys-Lys-Arg-Lys-Val-Met-Leu-Lys- 
Ser-Thr-Arg-Arg-Gto-Arg-Arg-^ (SEQ ID NO:5). 

Cargo moiety 

[53] A cargo moiety is a small molecule, a polypeptide, a nucleic acid, or a virus. Any of 
these cargo moieties can be pharmaceutical agents. The small molecule also can be, for 
example, a radionuclide, a fluorescent marker, or a dye. A polypeptide according to the 
invention is a polymer of amino acids comprising two or more amino acid residues and 
includes peptides and proteins. The polypeptide can be, for example, an immortalization 
protein (e.g., SV40 large T antigen and telomerase), an anti-apoptotic protein (e.g., mutant 
p53 and BclxL), an antibody, an oncogene (e.g., ras, myc, HPV E6/E7, and Adenovirus Ela), 
a cell cycle regulatory protein (e.g., cyclin and cyclin-dependent kinase), or an enzyme (e.g., 
green fluorescent protein, p-galactosidase, and chloramphenicol acetyl transferase). The 
nucleic acid can be, e.g., RNA, DNA, or cDNA. The sequence of the nucleic acid can be a 
coding or a non-coding sequence (e.g., an antisense oligonucleotide). The virus can be a 
whole virus or a virus core containing viral nucleic acid (i.e., packaged viral nucleic acid in 
the absence of a viral envelope). Examples of viruses and virus cores that can be transported 
include, but are not limited to, papilloma virus, adenovirus, baculovirus, retrovirus core, and 
Semliki virus core. 

[54] Nucleotides in the nucleic acid cargo moiety can be standard nucleotides (e.g., 
adenosine, cytosine, guanine, thymine, inosine, and uracil) or they can be nucleotide 
derivatives (e.g., biotinylated nucleotide) or analogs (e.g., phosphorothioate nucleotides). For 
example, the nucleic acid cargo moiety can be an antisense sequence comprising 
phosphorothioate nucleotides. 

PTD-cargo moiety complexing 

[55] A cargo moiety can be complexed to a PTD by any method known in the art and 
which is appropriate for a particular cargo moiety. The skilled artisan will be able to choose 
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the appropriate method to complex a cargo moiety with a PTD. Examples of such methods 
include, but are not limited to, chemical cross-linking, genetic fusion, and bridging. 

Chemical cross-linking 

[56] Either a homobifunctional cross-linker or a heterobifunctional cross-linker can be 
used to cross-link a PTD with a cargo moiety. The homobifunctional or heterobifunctional 
cross-linker can be cleavable to facilitate separation of the PTD from the cargo moiety after 
the PTD transports the cargo moiety across a cell membrane. Homobifunctional cross-linkers 
have at least two identical reactive groups. Use of homobifunctional cross-linking agents 
may result in self-conjugation, intramolecular cross-linking and/or polymerization. 
Homobifunctional cross-linkers primarily are primary amine-reactive (e.g., imidoesters, N- 
succinimidyl esters, isothiocynates, carboxylic acids, and sulfonyl chlorides) or sulfhydryl 
reactive (e.g., 2-pyridyldithio, 3-nitro-2-pyridyldithio, maleimide, vinyl sulfone, aryl halide, 
dinitrofluorobenzene, organomercurial, p-chloromercuribenzoate, bismaleimidohexane, 1,5- 
difluoro-2,4-dinitrobenzene, and 1 ,4-di-(3 '-(2'-pyrioyldithio)-propionamido) butane). 
Examples of homobifunctional imidoesters include, but are not limited to 
dimethyladipimidate, dimethylsuberimidate, and dithiobispropionimidate. Examples of 
homobifunctional NHS esters include, but are not limited to, disuccinimidyl glutarate, 
disuccinimidyl suberate, bis(sulfosuccinimidyl) suberate, dithiobis(succinimidyl propionate), 
and disuccinimidyl tartarate. 

[57] Heterobifunctional cross-linkers possess two or more different reactive groups that 
allow for sequential conjugation with specific groups, thus minimizing undesirable 
polymerization or self conjugation. Some heterobifunctional cross-linkers are amine reactive 
at one end and sulfhydryl reactive at the other end. Examples of such cross-linking agents 
include, but are not limited to, succinimidyl 4-(N-maleimidomethyl) cyclohexane-1- 
carboxylate, m-maleimidobenzyl-N-hydroxysuccinimide ester, succinimidyl 4-(p- 
maleimidophenyl)-butyrate, bismaleimidohexane, and N-(g-maleimidobutyryloxy) 
succinimide ester. 

[58] The homobifunctional or heterobifunctional cross-linking reactions can be stopped 
after adding linking the homobifunctional or heterobifunctional cross linker to the PTD. The 
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PTD with a homobifiinctional or heterobifiinctional cross-linking agent can be purified by 
methods well known in the art and used as a stock for adding cargo moieties. Such purified 
PTD with the attached homobifiinctional or heterobifiinctional cross-linking reagent can be 
stored, for example at -20°C in aliquots and subsequently thawed. Once thawed a cargo 
moiety can be added by completing the cross-linking reaction. 

Genetic fusion 

[59] Genetic fusions can be generated by linking a coding sequence for a PTD in-frame 
with a coding sequence for a polypeptide cargo moiety. Many methods exist in the art for 
linking coding sequences together. Exemplary methods include, but are not limited to, 
polymerase chain reaction (PCR), stitch PCR, and restriction endonuclease digestion and 
ligation. For example, a coding sequence for a PTD can be added to the 5 '-end of a PCR 
primer for a cargo moiety of choice; after PCR, the coding sequences for the PTD and the 
polypeptide cargo moiety will be linked together. The skilled artisan will know how to 
ensure that the reading frames of the PTD and the cargo moiety are in frame and where 
transcriptional control sequences (e.g., start codon and stop codon) should be placed. A 
protease cleavage site can be included between the PTD and the cargo moiety. Examples of 
such protease cleavage sites include, but are not limited to Factor Xa and tobacco etch virus 
(TEV) protease. 

Bridging molecules 

[60] PTDs and cargo moieties can be complexed using pairs of bridging molecules. 
Examples of such pairs include, but are not limited to, (a) streptavidin and biotin, (b) 
glutathione and glutathione-S-transferase, and (c) polyhistidine and an affinity 
chromatography reagent (e.g., tetradentate nitrilotriacetic acid (NT A) or iminodiacetic acid 
(IDA)), which interact through an ion such as Ni +2 . A PTD can be linked to either member of 
the pair, and a cargo is linked to the other bridging molecule. For example, if the PTD is 
linked to glutathione-S-transferase then the cargo is linked to glutathione. Preferably, the 
PTD is linked to streptavidin and the cargo is linked to biotin. The PTD and the streptavidin 
can be linked by any method known in the art for linking a peptide and a bridging molecule. 
Examples of such methods include, but are not limited to, chemical cross-linking or genetic 
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fusion. Preferably the PTD and streptavidin are linked by genetic fusion. The cargo is then 
linked to biotin by any method known in the art for biotinylating small molecules, proteins, 
or nucleic acids, such as chemical cross-linking. The PTD cargo moiety complex can be 
formed by contacting the PTD-streptavidin with the biotinylated cargo moiety. 

[61] In another embodiment, glutathione and glutathione-S-transferase are used as the pair 
of bridging molecules. In this case, the PTD is preferably linked to the glutathione-S- 
transferase and the cargo is linked to the glutathione. The PTD and the glutathione-S- 
transferase can be linked by any method described above, although genetic fusion is 
preferred. The cargo is linked to the glutathione by any method known in the art for linking 
glutathione to small molecules, proteins, or nucleic acids. An example of such method is 
chemical cross-linking. The PTD-cargo moiety complex can be formed by contacting the 
PTD-glutathione-S-transferase with the glutathione-linked cargo moiety. 

[62] In yet another embodiment, an affinity chromatography reagent and polyhistidine are 
used as the pair of bridging molecules. In this case the PTD is preferably linked to the 
affinity chromatography reagent. The affinity chromatography reagents bind ions such as 
Ni+2 with different affinities. NTA binds Ni +2 with stronger affinity that IDA. A skilled 
artisan will be able to choose which binding affinity is desired for a particular application. 
The PTD and affinity chromatography reagent can be linked by, for example, chemical cross 
linking. The cargo is linked to polyhistidine by any method known in the art for linking 
polyhistidine to small molecules, proteins, or nucleic acids. The PTD-cargo moiety complex 
can be formed by contacting the PTD-affinity chromatography reagent complex with the 
polyhistidine-linked cargo moiety in the presence of an ion such as Ni +2 . 

Orientation of PTD and cargo moiety 

[63] A PTD and cargo moiety can be complexed chemically or using pairs of bridging 
molecules at any position on either the PTD or the cargo moiety, providing that functionality 
of either the PTD or cargo moiety is not destroyed. For example, a cross-linking agent will 
react with appropriate functional groups located at the amino-terminus or carboxy-tenninus 
(for proteins), at the 5' end or 3' end (for nucleic acids), or throughout the molecule. A 
skilled artisan will be able to determine if the respective parts of the PTD-cargo moiety 
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complex retains biological activity. The PTD retains biological activity if it can transport 
cargo into a cell Transport activity can be ascertained, for example, by adding the PTD 
cargo moiety complex to cells and assaying the cells to determine if the cargo moiety was 
delivered across the cell membrane. One skilled in the art can determine if the cargo is 
located intracellularly using methods well known in the art (e.g., immunohistochemical 
staining). The cargo moiety can be assayed for activity using a method acceptable for the 
type of cargo moiety (e.g., an enzyme assay for an enzyme, a transformation assay for an 
oncoprotein, an anti-apoptotic assay for an anti-apoptosis protein, and an immortalization 
assay for an immortalization protein). These assays are well known in the art and are 
described in Sambrook et al, 1989 and Ausubel et al, 1989. 

[64] If the PTD and polypeptide cargo moiety are genetically linked, the polypeptide cargo 
moiety can be complexed to either the amino terminus of the PTD or to the carboxy-terminus 
of the PTD. Preferably, the polypeptide cargo moiety is complexed to the carboxy-terminus 
of the PTD. 

Cells 

[65] PTDs of the invention can transport a cargo moiety into a variety of mammalian, 
amphibian, reptilian, avian, or insect cells. Cells can be primary cells or cell lines. 
Mammalian cells can be, e.g., human, monkey, rat, mouse, dog, cow, pig, horse, hamster, and 
rabbit. Examples of amphibian cells include, but are not limited to, frog and salamander. 
Reptilian cells include, but are not limited to, snakes and lizards. Examples of avian cells 
include, but are not limited to, chickens, quails, and ducks. Insect cells can be, for example, 
Drosophila and Lepidoptera (e.g., fall army worm). Primary cells from mammalians include, 
but are not limited to, adipocytes, astrocytes, cardiac muscle cells, chondrocytes, endothelial 
cells, epithelial cells, fibroblasts, gangliocytes, glandular cells, glial cells, hematopoietic 
cells, hepatocytes, keratinocytes, myoblasts, neural cells, osteoblasts, ovary cells, pancreatic 
beta cells, renal cells, smooth muscle cells, and striated muscle cells. Cell lines include 182- 
PF-SK, 184A1, 2H-11, 2F-2B, 293, 27FR, 28SC, 3B-11, 4T1, 7F2, A172, A375.S2, A-253, 
A-431, ARH-77, AHH-1, AML-193, A-10, BS-C-1, BHK-21, BE(2)-117, BCE, BJ, B16-F0, 
BT-20, BT-474, BLP-1, BRL-3A, BLO-11, CTX-TNA2, C8-D30, C8-S, CPAE, CPA47, 
CHO-K1, CV-1, C6, CHP-212, C8-B4, C166, C-211, CCD-25Sk, C32, CTPS, Cl-Sl, C127, 
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CF41-Mg, CMMT, CAMA-1, C5/MJ, C3A, C2C12, COS-1, COS-7, Dempsey, Detroit 532, 
Daudi, EBTr(NBL-4), EOMA, EJG, E Derm, EB, EM-9, FBHE, FL, F98, G-361, GK-5, 
GDM-1, G-7, G-8, HIG-82, H9c2(2-1), HUV-EC-C, HeLa, HaK, HEp-2, HT-1080, HG-261, 
HEL-299, H2.35, HEp-G2, H4, HAAE-1, HAAE-2, HUVE-12, Hs27, Hs68, HL-60, H4TG, 
Hepal-6, IMR-32, IP-IB, Jl-31, J2 3T3, JC, JHK3, KB, K-562, KG-1, L-132, LLC-MK2, 
LA7, LMH, L8, MDBK, M059K, Mar Vin, MM5MTC, MCF7, MoB, MOLT-3, MH1C1, 
NIH 3T3, Neuro-2a, NB41A3, N1E-115, NMVMG, NMU, OV-90, P19, PFSK-1, PC-12, 
PaCa-2, PANC-1, QM-7, RF/6A, RK13, rati, rat2, RG2, RT101, RBA Rn2T, RBL-1, Swiss 
SFMF, SK-N-AS, SH-SY5Y, SflEp, SW-13, SW-527, SK-BR-3, SNU-449, SK-Hepl, 
Snyder, Sf9, SGI, T98G, TH-1, Toledo, UV41, Vero, WS6, WR-21, XP17BE, Y-l, ZR-75- 
l,andZR-75-30. 

Reversible immortalization 

[66] Normal healthy cells will only undergo a fixed number of divisions before they 
senesce and no longer replicate. Immortalization proteins are proteins that prevent a cell 
from senescing. Examples include, but are not limited to, SV40 large T antigen and 
telomerase. Immortalized cells, however, can divide many times after their normal 
counterparts senesce. 

[67] A complex of a PTD and an immortalization protein can be used to reversibly 
immortalize a cell in culture. Preferably the PTD has an amino acid sequence Arg-Lys-Met- 
Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID NO:l), Lys-Gly-Gly-Arg-Lys-Met-Leu- 
Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID NO:2), Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys- 
Ser-Thr-Arg-Arg-Gln-Arg-Arg-Lys-Lys-Lys-Arg-Val (SEQ ID NO:4), or Lys-Gly-Gly-Lys- 
Lys-Lys-Arg-Val-Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg-Lys-Lys-Lys-Arg- 
Val (SEQ ID NO:5), and the immortalization cargo moiety is SV40 large T antigen or 
telomerase. A cell can be contacted in vitro with the complex. The PTD cargo moiety 
complex can be added to the cell culture medium or can be included in medium that is 
supplied to the cell. Preferably the complex is present in an amount greater than about 1 nM 
of the PTD. For example, the complex can be present in an amount from about 10 nM to 
about 1000 nM (i.e., 10, 20, 30, 40, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 
nM), more preferably from about 10 nM to about 500 nM, even more preferably from about 
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10 nM to about 100 nM, and yet even more preferably from about 10 nM to about 50 nM of 
the PTD. The PTD will transport the immortalizing peptide across the cell membrane, and 
the immortalizing protein will immortalize the cell While it continues to be cultured in the 
presence of the complex, the cell will be immortalized, i.e., it will continue to divide. If the 
complex is removed from the medium, the cell will no longer be immortalized. 

Methods of increasing cell viability 

[68] A complex of a PTD and an anti-apoptotic protein can be used to increase cell 
viability. Preferably the PTD has an amino acid sequence Arg-Lys-Met-Leu-Lys-Ser-Thr- 
Arg-Arg-Gln-Arg-Arg (SEQ ID NO:l), Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg- 
Arg-Gln-Arg-Arg (SEQ ID NO:2), Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg- 
Gln-Arg-Arg-Lys-Lys-Lys-Arg-Val (SEQ ID NO:4), or Lys-Gly-Gly-Lys-Lys-Lys-Arg-Val- 
Arg-Lys-Met-Leu-Lys-Ser-Thr^ (SEQ ID 

NO: 5). A cell can be contacted in vitro with the complex. The PTD cargo moiety complex 
can be added to the cell culture medium or can be included in medium that is supplied to the 
cell. Preferably the complex is present in an amount greater than about 1 nM of the PTD. 
For example, the complex can be present in an amount from about 10 nM to about 1000 nM 
(i.e., 10, 20, 30, 40, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 nM), more 
preferably from about 10 nM to about 500 nM, even more preferably from about 10 nM to 
about 100 nM, and yet even more preferably from about 10 nM to about 50 nM of the PTD. 
The PTD will transport the anti-apoptotic cargo moiety across the cell membrane and 
increase cell viability by inhibiting apoptosis. While it continues to be cultured in the 
presence of the complex, the cell will have increased viability. Anti-apoptotic agents include, 
but are not limited to, mutant p53 and BclxL. 

Kits 

[69] A PTD and a cargo moiety can be supplied in a kit. The PTD is preferably a PTD- 
streptavidin fusion protein, and the streptavidin is preferably located at on the carboxy 
terminus of the PTD. The PTD preferably has an amino acid sequence Arg-Lys-Met-Leu- 
Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ED NO:l), Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys- 
Ser-Thr-Arg-Arg-Gln-Arg-Arg (SEQ ID NO:2), Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys-Ser- 
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Thr-Arg-Arg-Gln-Arg-Arg-Lys-Lys-Lys-Arg-Val (SEQ ID N0:4), or Lys-Gly-Gly-Lys-Lys- 
Lys-Arg-Val-Arg-Lys-Met-Leu-Lys-Ser-T^ 

(SEQ ID NO: 5). The cargo moiety can be a small molecule (e.g., a radionuclide, a 
fluorescent marker, a dye, or a pharmaceutical agent), a protein (e.g., an immortalizing agent, 
an anti-apoptotic agent, an enzyme, an oncoprotein, a cell cycle regulatory protein, or an 
antibody), a nucleic acid (e.g., RNA, DNA, and cDNA), or a virus (e.g., papilloma virus, 
adenovirus, baculovirus, retrovirus core, or Semliki virus core). The cargo moiety preferably 
is biotinylated. The PTD and cargo moiety can be supplied in single or divided aliquots, in 
single or divided containers. Written instructions can be included for assembling a PTD- 
cargo moiety complex and/or for using the complex. The instructions can be on the label or 
container. The instructions may simply refer a reader to another location such as a website or 
other information source. 

[70] All patents, patent applications, and references cited in this application are 
incorporated herein by reference in their entirety. 

[71] The following examples are offered by way of illustration and do not limit the 
invention. 

Examples 

Example 1 

Effect of biotin location on PTD transduction efficiency 

[72] To determine the effect of biotin location on transduction efficiency, biotin was added 
to either the amino terminus or the carboxy terminus of three PTDs. A (Gly)3 linker was 
added to the amino terminus for N-terminal biotinylated peptides. For C-terminal 
biotinylation, the last glycine in the C-terminal linker was replaced by lysine. The side chain 
of lysine was used for the attachment of the biotin group. A peptide with negligible 
transduction activity (Mi et al, Mol. Then, 2:339-347, 2000) (SEQ ID NO:6) was used as a 
negative control. The amino acid sequences of the PTDs and the biotin locations tested are 
listed in Table 1. PTDs and p-galactosidase were complexed together with a streptavidin- 
biotin bridge. 
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Table 1 



Biotin-Gly-Gly-Ala-Arg-Pro-Leu-Glu-His-Gly-Ser-Asp-Lys-Ala-Thr (SEQ ID NO:6) 
(Negative Control) 

Biotin-Gly-Gly-Gly-Tyr-Gly-Arg-Lys-Lys-Arg-Arg-Gln-Arg-Arg-Arg (SEQ ID NO: 7) 
(Biotin-Tat) 

Tyr-Gly-Arg-Lys-Lys-Arg-Arg-Gln-Arg-Arg-Arg-Gly-Gly-Lys-Biotin SEQ ID NO:8) (Tat- 
Biotin) 

Biotin-Gly-Gly-Gly-Tyr-Ala-Arg-Ala-Ala-Ala-Arg-Gln-Ala-Arg-Ala SEQ ID NO:9) 
(Biotin-DP4) 

Tyr-Ala-Arg-Ala-Ala-Ala-Arg-Gln-Ala-Arg-Ala-Gly-Gly-Lys-Biotin SEQ ID NO: 10) (DP4- 
Biotin) 

Arg-Arg-Gln-Arg-Arg-Thr-Ser-Lys-Leu-Met-Lys-Arg-Gly-Gly-Lys-Biotin (SEQ ID NO: 11) 
(RP5-Biotin) 

Biotin-Gly-Gly-Gly-Arg-Arg-Gln-Arg-Arg-Thr-Ser-Lys-Leu-Met-Lys-Arg (SEQ ID NO: 12) 
(Biotin-RP5) 



[73] To test for transduction efficiency, 293 HEK cells were seeded into a 96-well plate at 
approximately 4500 cells/well and incubated overnight. To prepare peptide complexes, 
equimolar concentrations of biotinylated PTD and streptavidin-crosslinked P-galactosidase 
were mixed and diluted in cell culture medium. The mixtures were incubated for 30 minutes 
at 37°C to allow formation of complexes. Each complex was added to a final concentration 
of 50 nM and incubated for 30 minutes at 37°C. To assay for P-galactosidase activity, the 
cells were washed 3 times with PBS and were lysed with 100 ul of assay reagent (Pierce). 
Cell lysates were incubated for 30 minutes at 37°C, and the reaction was stopped by adding 
150 ul stop solution (Pierce). The absorbance at 405 nm was measured on a Wallac Victor 
spectroluminometer. The results are shown in Figure 1 . 
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[74] Figure 1 shows the absorbance at 405 nm for the cells transduced with each of the 
different complexes. The results demonstrate a position effect for the biotin. When biotin 
was added to the carboxy terminus of the PTD, the transduction efficiency was higher, as 
indicated by the presence of more p-galactosidase in the cell lysates. Peptides having the 
amino acid sequences shown in SEQ ID NOS:8 and 9 did not function as a PTD, because the 
amount of P-galactosidase present in the cell lysate was less than or equal to the negative 
control (SEQIDNO:6). 

Example 2 

Peptide transduction into primary cells 

[75] The ability of the PTDs to translocate p-galactosidase into human primary (HUVEC) 
cells was investigated. The transduction efficiency as a function of time exposure to the 
PTD-P-galactosidase complexes was also analyzed. 

[76] To test for transduction efficiency, HUVEC cells were seeded into a 96-well plate as 
described in Example 1. PTD-p-galactosidase complexes were prepared as described in 
Example 1 . Each complex was added to a final concentration of 50 nM to the wells of the 
96-well plate. The cells were incubated for 7, 14, 24, 35, or 45 minutes at 37°C before being 
washed 3 times with PBS. Following the last PBS wash, the cells were lysed with 100 pJ of 
assay reagent (Pierce) and incubated at 37°C for 30 minutes. The lysis reaction was stopped 
by adding 150 jil stop solution (Pierce), and the absorbance at 405 nm was measured on a 
Wallac Victor spectroluminometer. The results are shown in Figure 2. 

[77] Figure 2 shows that primary HUVEC cells can be transduced with the PTDs. In 
addition, transduction can be detected as early as 7 minutes after exposure to the PTD. There 
is a linear correlation between the intracellular P-galactosidase accumulation and the time of 
exposure to the PTD complexes. No saturation was detected during the 45 minute 
incubation. 

[78] Because saturation was not detected in a 45 minute incubation, the effect of extended 
incubation (up to 200 minutes) was analyzed. Two types of primary cells were used: 
primary dermal fibroblasts and primary HUVEC cells. The cells were seeded as described 
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above and 12.5 nM final concentration of PTD-P-galactosidase complex was added to each 
well. The cells were incubated at 37°C for 120, 160, or 200 minutes. The cells were washed 
and lysed as described above. The lysis reaction was stopped, and the absorbance at 405 nm 
was determined. The results for primary dermal fibroblasts (Figure 3) and primary HUVEC 
cells indicate that no detectable saturation of intracellular accumulation of the PTD 
complexes occurred up to 200 minutes of incubation. 

Example 3 

Effects of temperature on transduction efficiency 

[79] The activity of the PTD-p~galactosidase complexes was compared at 4°C, room 
temperature (RT), and 37°C to analyze the effects of temperature on the transduction 
efficiency. HUVEC cells were cultured as described in Example 2, and PTD-P-galactosidase 
complexes (described in Example 1) were added to the cultures at 50 nM final concentration. 
Following addition of the PTD-p-galactosidase complexes, the cells were incubated for 30 
minutes at the specified temperature. The cells were washed and lysed as described above. 
The lysis reaction was stopped, and the absorbance at 405 nm was measured. The results are 
shown in Figure 4. Figure 4 shows that the transduction activity of the PTDs is independent 
of temperature. 

Example 4 

Transduction efficiency of inverted isomers of PTDs 

[80] N-terminally biotinylated direct and inverted isomers were compared to determine the 
transduction efficiency of inverted isomers of PTDs. Table 2 lists the sequences of PTDs 
used. PTDs and P-galactosidase were complexed together with a streptavidin-biotin bridge. 
NIH 3T3 cells were seeded into a 96-well plate and incubated as described above. The PTD- 
P-galactosidase complexes were formed (as described in Example 1) and added to a final 
concentration of 12.5 nM. The cells were incubated for 1 hour at 37°C and lysed as 
described above. The lysis reaction was stopped and the absorbance at 405 nm was 
measured. The results are shown in Figure 5. The transduction activity of inverted isomers is 
stronger than the transduction activity of direct PTDs. 
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Table 2 



Biotin-Lys-Gly-Gly-Arg-Arg-Arg-Gln-Arg-Arg-Lys-Lys- Arg-Gly-Tyr (SEQ ID NO: 1 3) 
(Biotin-Lys-InvTat) 

Biotin-Lys-Gly-Gly-Arg-Lys-Met-Uu-Lys-Se^ (SEQ ID NO: 14) 

(Biotin-Lys-InvRP5) 

Biotin-Gly-Gly-Gly-Arg- Arg- Arg-Gln- Arg-Arg-Lys-Lys-Arg-Gly-Tyr (SEQ ID NO: 1 5) 
(Biotin-InvTat) 

Biotin-Gly-Gly-Gly-Arg-Lys-Met-Leu-^ (SEQ ED NO: 16) 

(Biotin-InvRPS) 

Biotin-Lys-Gly-Gly-Arg-Arg-G^ (SEQ ID NO: 17) 

(Biotin-Lys-RP5) 

Example 5 

Effects of an amino terminal lysine on transduction efficiency 

[81] The activities of 2 PTDs were compared to determine if the introduction of a lysine 
residue juxtaposed to the biotin moiety affects transduction activity. The amino acid 
sequences of the peptides are listed in Table 2. The pairs of peptides differed by a glycine to 
lysine substitution within the biotin peptide linker. PTDs and P-galactosidase were 
complexed together with a streptavidin-biotin bridge. NIH 3T3 cells were seeded as 
described above. The PTD-P-galactosidase complex was added to a final concentration of 20 
nM, and the cells were incubated for 1 hour at 37°C. Following incubation, the cells were 
washed 3 times in PBS and lysed as described above. The lysis reaction was stopped, and the 
absorbance at 405 nm was measured. The results are shown in Figure 6. The presence of a 
lysine residue juxtaposed to the biotin caused about a two-fold enhancement in transduction 
activity. 

[82] To further study the role of the lysine residue located in the biotin linker, the indirect 
PTDs and the direct PTDs with a lysine residue in the linker were compared. The cells used 
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were NIH 3T3 cells, and the final concentration of the PTD complex was 12.5 nM. The 
assay was conducted as described above. The results are shown in Figure 7. Introduction of 
a lysine residue improved transduction efficiency by as much as 72%. 

Example 6 

Percent of cells transduced with PTD 

[83] To determine the efficiency of transduction based on the percentage of cells that 
receive the reporter protein, cells were assayed by histochemical staining for the reporter 
protein. The purpose of this experiment was to ensure that the p-galactosidase activity in 
total cell lysates did not originate from PTD complexes precipitated on the plastic surfaces of 
the cell culture plates. 

[84] HUVEC and human dermal fibroblast cells were each seeded at 40,000 per well of a 
24- well plate and incubated overnight. PTD complexes (SEQ ID NO:7-streptavidin-P- 
galactosidase or SEQ ID NO:6-streptavidin-P-galactosidase) were added to the wells at a 
final concentration of 50 nM and incubated for 1 hour at 37°C. The cells were washed 3 
times in PBS, fixed, and stained for p-galactosidase using a P-galactosidase staining set 
(Roche) according to the manufacturer's instructions. Following development of p- 
galactosidase activity, the cells were washed with PBS and visualized by light microscopy. 
Figure 8A shows human dermal fibroblasts transduced with a PTD-cargo moiety complex 
comprising the polypeptide sequence shown in SEQ ID NO:8 and streptavidin-linked P- 
galactosidase. Figure 8B shows human dermal fibroblasts transduced with a PTD-cargo 
moiety complex comprising the polypeptide sequence shown in SEQ ID NO:7 and 
streptavidin-linked P-galactosidase. The results demonstrate that the cells were positive for 
the p-galactosidase reporter protein and that the P-galactosidase activity in the lysate assays 
was not the result of the complex attaching to the plastic. The results also demonstrate that 
transduction with a C-terminal biotinylated PTD was stronger that the N-terminally 
biotinylated peptide. 
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Example 7 



Intracellular localization of the PTD complex 

[85] To determine the intracellular location of the complex, cells were immunostained for 
streptavidin. NM 3T3 cells were seeded into 24-well tissue culture plates and incubated 
overnight. The cells were treated with 20 nM PTD-cargo moiety complex comprising the 
polypeptide sequence shown in SEQ ID NO: 14 and streptavidin-linked P-galactosidase for 1 
hour at 37°C. The cells were washed 3 times with PBS, and non-specific binding was 
blocked by a 30 minute incubation with normal goat serum at room temperature. Mouse anti- 
streptavidin monoclonal antibody (Monosan, Catalog No. 5043) was diluted to 1 jig/ml with 
PBS containing 20% normal goat serum. The diluted monoclonal antibody was added to the 
cells, and the cells were incubated for 1 hour at room temperature. 

[86] The cells were washed 3 times with PBS and a secondary Alexa Fluor 568 conjugated 
goat anti-mouse IgG (Molecular Probes, Catalog No. A-11019) was diluted 1:200 in PBS 
with 20% normal goat serum. Following a 30 minute incubation at room temperature, the 
cells were washed 3 times with PBS and visualized by fluorescent microscopy. The results 
are shown in Figure 9A. Figure 9B shows the same field of cells as Figure 9A, but visualized 
by phase contrast microscopy. The complex was localized to the cytoplasm. 

Example 8 

Delivery of alkaline-phosphatase by PTD transduction 

[87] Transduction of an alternative reporter protein was analyzed to exclude the possibility 
that the above results were restricted to the P-galactosidase reporter protein. Alkaline 
phosphatase was complexed to the C-terminus of PTDs (Table 2) by a streptavidin-biotin 
bridge, and transduced into NIH 3T3 cells using the methods described above. Following 
washing and lysis, alkaline phosphatase activity was determined. Figure 10 shows that 
alkaline phosphatase also was efficiently delivered into cells. 
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Example 9 



Cytotoxicity of PTDs on cell growth 

[88] PTDs (SEQ ID N0S:7 and 10), in the absence of a cargo moiety, were added to NIH 
3T3 cultures at final concentrations ranging from 0-1000 nM to determine if the PTDs were 
cytotoxic. NIH 3T3 cells were seeded and incubated overnight, and the peptides were added 
to the cultures. The cells were incubated for 48 hours, and cell viability was determined 
using an Alamar blue assay. 

[89] The results for the PTD shown in SEQ ID NO: 11 are shown in Figure 11 A. The 
results for the PTD shown in SEQ ID NO:8 are shown in Figure 11B. Concentrations of 
either PTD in the nanomolar range did not inhibit cell growth. 

Example 10 

Nuclear localization of PTD-cargo moiety complexes 

[90] The transport activities of PTDs were compared to determine if introduction of a 
nuclear localization signal affect translocation of a PTD-cargo moiety complex. The amino 
acid sequences of the PTDs are listed in Table 3. The cargo moiety was streptavidin-linked 
p-galactosidase. The cargo moiety was streptavidin-linked p-galactosidase. The peptides 
differed by the position of the nuclear localization signal. The nuclear localization signal was 
located on the amino terminus (down-stream of a lysine linker) or the carboxy terminus. NIH 
3T3 cells were seeded as described above. Each PTD complex was added to a final 
concentration of 20 nM, and the cells were incubated for 1 hour at 37°C. Following 
incubation, the cells were washed 3 times in PBS and assayed for nuclear localization of p- 
galactosidase. P-galactosidase activity was measured at 405 nm in a colorimetric assay. 

[91] The results are shown in Figure 12. The presence of a localization signal did not 
adversely effect translocation of the complex. A nuclear localization signal located on the 
carboxy terminus of the PTD (SEQ ID NO: 19) functioned much better in translocating the 
complex than nuclear localization signals located on the amino terminus of the PTD. 
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[92] Peptides containing two nuclear localization signals were tested to study the role of 
the multiple nuclear localization signals on peptide transport. The amino acid sequences of 
the peptides are listed in Table 3. NIH 3T3 cells were seeded as described above. A PTD-0- 
galactosidase complex was added to a final concentration of 20 nM, and the cells were 
incubated for 1 hour at 37°C. Following incubation, the cells were washed 3 times in PBS 
and assayed for nuclear localization of P-galactosidase. The results are shown in Figure 13. 
Multiple nuclear localization signals did not enhance transport into the cells. 

Table 3 



Biotin-Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys^ (SEQ ID NO: 14) 

(Biotin-Lys-InvRP5 or peptide 9) 

Biotin-Lys-Gly-Gly-Lys-Lys-Lys-Arg-Lys-Val-Met-L^ 
(SEQ ID NO: 18) (peptide 13) 

Biotm-Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys-S^ 
Arg-Lys-Val (SEQ ID NO: 19) (peptidel4) 

Biotin-Lys-Lys-Lys-Ajg-Lys-Val-Lys-Gly-Gly-Arg-Lys-Met-Leu-Lys-Ser-Thr-Arg-Arg- 
Gln-Arg-Arg (SEQ ID NO:20) (peptide 15) 

Biotin-Lys-Gly-Gly-Arg-Lys-Met-I^u-Lys-Ser-Thr-Arg-Arg-Gln-Arg-Arg-Lys-Lys-Lys- 
Arg-Lys-Val (SEQ ID NO:21) (peptide 16) 

Biotin-Lys-Lys-Lys-Arg-Lys-Val-Lys-Gfy^ 
Arg-Arg-Gln-Arg-Arg (SEQ ID NO:22) (peptide 17) 
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